For the purpose of understanding the underlying mechanisms behind intergenerational associations in income and education, recent studies have explored the intergenerational transmission of abilities. We use a large representative sample of Swedish men to examine both intergenerational and sibling correlations in IQ. Since siblings share both parental factors and neighbourhood influences, the sibling correlation is a broader measure of the importance of family background than the intergenerational correlation. We use IQ data from the Swedish military enlistment tests. The correlation in IQ between fathers (born 1951-1956) and sons (born 1966-1980) is estimated to 0.347. The corresponding estimate for brothers (born 1951-1968) is 0.473, suggesting that family background explains approximately 50% of a person's IQ. Estimating sibling correlations in IQ, we thus find that family background has a substantially larger impact on IQ than has been indicated by previous studies examining only intergenerational correlations in IQ.
Introduction
Recent years have seen an upsurge of studies on intergenerational associations in income and education. For example, recent surveys show estimates of intergenerational income elasticities for several countries, and corresponding estimates of years of schooling for a very large number of countries (Björklund and Jäntti, 2009; Corak, 2006; Hertz et al., 2007) . As a complement and in order to understand the mechanisms behind these associations, it is also of interest to learn about the intergenerational transmission of skills and abilities, for example those called IQ.
The literatures in various disciplines offer a number of estimates of intergenerational IQ correlations, but most of these stem from small and non-representative samples (Bowles and Gintis, 2002; Bouchard and McGue, 1981) . Recently, however, Black et al. (2009) have used data covering the whole Norwegian male population to estimate the father-son correlation in the IQ scored in the compulsory enlistment tests to the country's military service. Using log scores, they obtain a precisely estimated correlation of 0.32.
Is such a number low or high? Does it motivate popular expressions in the intergenerational literature such as "Like Father, Like Son" and "The Apple Does Not Fall Far From The Tree"? In our view, this is a matter of judgement. On the one hand, as stressed by the authors, the number exceeds the corresponding ones for long-run earnings in Norway. Further, the interpretation is that a 10 percent differential in fathers' IQ at age 18 is associated with an expected differential of 3.2 percent for sons at the same age. Although this implies some "regression toward the mean", there is also substantial transmission from one generation to the next. On the other hand, the implication is that the explanatory power of father's IQ is quite low. A correlation of 0.32 implies an R 2 close to 10 percent, leaving 90 percent to factors uncorrelated with father's IQ. From an equality-of-opportunity perspective, we interpret family background factors as such factors that the individual cannot influence and be held accountable for. Thus, if father's IQ captures the bulk of family background factors, we would conclude that only a small fraction (around 10%) of inequality in IQ violates equality-of-opportunity norms.
A less recognized, but in our view important, literature has instead explored the role of family background by using measures of sibling similarity, such as the sibling correlation. It has long been known that a sibling correlation is a broader measure of the impact of family and community background than an intergenerational one. 1 The reason is that siblings share not only the observed parental char-acteristic that can be used in an intergenerational study -be it income, education, occupational class or IQ that is examined -but also many unobserved factors of great importance for their outcomes.
In this study, we estimate both intergenerational and sibling correlations in IQ on a large representative sample. We use a Swedish data set that is constructed in a similar way as the Norwegian data set but is complemented with information about brothers. We find an estimate of the intergenerational correlation that is very close to the Norwegian one. However, when we use data on brothers, we find that close to half of the variation in IQ is accounted for by family and community background factors. And this number is a lower bound on the role of family and community background because siblings are unlikely to share all of those inherited factors that influence the outcome.
We continue the paper in the next section in which we explain the interpretation of the sibling correlation and its relationship to the intergenerational coefficient. In the third section, we present the data. The main results are shown in the fourth section, followed by a brief concluding section.
The Relationship between Sibling and Intergenerational Correlations
Consider the following decomposition of an outcome, y, of interest -in our case IQ -for individual j in family i:
where a i is a component common to all siblings in family i, and b ij is a component unique to individual j in family i, which captures individual deviations from the family component. The two components are orthogonal by construction. Thus, the variance of y ij is the sum of the variances of the family and individual components:
The share of the variance in the outcome variable, y ij , which can be attributed to family background effects, is
This share coincides with the correlation in the outcome variable between randomly drawn pairs of siblings, which is why ρ is called a sibling correlation. A sibling correlation can thus be thought of as an omnibus measure of the importance of family background and community effects. It includes the effect of all parental factors shared by siblings, such as common genes, parental resources and typically unobserved parental influences such as aspirations and cultural inheritance. It further includes things not directly experienced in the home, such as school, church and other neighborhood effects. Interactions among the siblings are also likely to affect the common family component. On the other hand, genetic traits not shared by siblings, differential treatment of siblings, time-dependent changes in family resources and neighborhoods, are captured by the individual component b ij . Because such factors are also part of family and community background, the sibling correlation is a lower bound on the importance of family and community background.
In addition to this appealing interpretation as an omnibus measure, the sibling correlation also has the following relationship to the corresponding intergenerational correlation (IGC):
other shared factors uncorrelated with parental income.
Because the square of the IGC is the explanatory power of the parental characteristic, it follows that the sibling correlation captures these factors plus others that are uncorrelated with the parental characteristic. It is an empirical issue, to which we soon turn, to determine the relative importance of the observed parental characteristic and the other factors shared by the siblings. A recent summary by Björklund and Jäntti (2009) of intergenerational and sibling correlations for long-run earnings suggests that less than half of the sibling correlation can be accounted for by father's earnings. In order to calculate the sibling correlation in IQ, ρ, we need estimates of the within-family variation, σ 2 b , and the between-family variation, σ 2 a . These are obtained by estimating the parameters in equation 2 using a mixed-effect model, including cohort effects for both fathers and sons in the fixed part (Pinheiro and Bates, 1999) . We estimate the standard error of the sibling correlation by applying the socalled delta method to the estimated variance matrix of the variance components.
The Data
In order to construct our analysis data set, we exploit the valuable opportunity in the Nordic countries to use a unique personal identifier to match administrative register data from different sources.
The IQ data stem from the Swedish military enlistment tests. These tests, that are designed to measure general ability g, are compulsory for every young Swedish man, and they usually take place the year he turns 18. The purpose of the enlistment procedure is to assign the conscript to an appropriate duty position. Therefore, we must keep in mind that the performance on these tests not only captures pure abilities, but also the attitude to the military service. The classification of conscripts to different positions is done according to requirement profiles concerning cognitive, personality, medical and physiological variables (Mårdberg and Carlstedt, 1998) . The IQ measure we use is a measure of general cognitive performance reported in stanine units (stanine is a contraction of standard and nine and it is a method of scaling test scores on a nine-point standard scale with a mean of five and a standard deviation of two). The measure of general cognitive performance that we obtain from the Swedish Military Archive and The National Service Administration is derived from a set of subtests evaluating different aspects of cognitive ability. The set of subtests has changed several times since it was first implemented in 1944. The men in our sample were subjected to three different sets of subtests depending on what year they enlisted in the military. Those who enlisted before 1980 performed four subtests: instructions, concept discrimination, technical comprehension and paper form board. Those who enlisted between 1980 and 1993 also performed four subtests, but concept discrimination was replaced by a synonym test, and paper form board by metal folding (Carlstedt, 2000) . Finally, those who enlisted in 1994 or later performed ten subtests with inductive reasoning, spatial, verbal and technical comprehension parts (Mårdberg and Carlstedt, 1998) .
We have access to IQ data for the 1951-1980 cohorts. In order to match brothers and father-son pairs, we exploit the so-called Multi-generational register developed by Statistics Sweden. Our starting point is a 35 percent random sample of the Swedish population. For this sample, we identify all full biological brothers. We focus on cohorts of brothers born 1951-68, but we also examine subsets of this sample. For our intergenerational estimates, we focus on fathers born 1951-56 and identify their biological sons born through 1980. This implies that we are forced to use quite young fathers, and generally the sons were the first-born ones. We discuss the consequences of this in Section 4.
We describe our intergenerational sample in Table A1 in the Appendix and the sample of brothers in Table A2 . Our father-son sample consists of 22,626 fatherson pairs. The fathers averaged 24.2 years of age when the sons were born. The total sample of brothers born 1951-68 consists of 379,456 individuals from 264,639 families. Thus we follow the convention from the sibling correlation literature to include singletons in the estimations. When there are more than two brothers who satisfy the age criterion in a family, we include all. Table A1 ), the estimates can be interpreted as correlations. The equations also include birth year controls for fathers and sons.
Results
We first report our estimated intergenerational correlations in Table 1 . Our results, which are obtained from models that also include birth year indicators for both fathers and sons, are strikingly similar to the Norwegian estimates (Black et al., 2009 ). When we use a linear model, our estimate is 0.347 (compared to 0.38 for Norway), and when we use a log-log model the coefficient (elasticity) is 0.327 (0.32 for Norway). We also report the adjusted R 2 , which are 0.132 and 0.120 respectively. Because a model with father's IQ entered as 8 dummy variables might have higher explanatory value in that it could capture possible non-linearities, we also estimated such a specification. The results reported in the last row of Table 1 show that the adjusted R 2 from such a specification is not higher than in the linear model.
Because of data availability, we were forced to use father-son pairs with rather young fathers. Although we have no specific reason to believe that this sample criterion will bias the results in any specific direction, it is a concern that the results might be sensitive to this property of our sample. It is comforting, however, that Black et al. (2009) found no significant interaction with "first son". We also experimented with our sample and included only father-son pairs in which the father was at least 24 years old the year the son was born. The estimates were virtually identical.
We report our brother correlation estimates in Table 2 . When we include all brothers born 1951 to 1968, we get an estimate of 0.473 with a negligible standard error. In the next rows we have split the sample into cohorts of brothers born in 1951-56, 1957-62 and 1963-68 . In this way, we examine closely spaced brothers and will be able to detect a trend for such brothers. We do find an increase from 0.489 (the first two cohort groups) to 0.513. This change is statistically significant but substantially insignificant.
The last two rows show estimates for brothers who are more widely spaced, being at least 5 calendar years apart. These estimates are only marginally lower than those for closely spaced brothers, 0.436 and 0.449 respectively. The difference in sibling similarity in years of schooling between siblings with small (four years or less) and large (more than four years) age spread has also been found to be small (Conley and Glauber, 2008) . Because more widely spaced siblings are likely to interact less and be exposed to more different "shocks", we infer that such factors are not very important for sibling similarity; permanent family and community characteristics are more likely determinants.
These results suggest that almost half of the variation in IQ can be attributed to factors shared by siblings. As emphasized above, this number is a lower bound on the importance of family and community background factors. For example, all our genes are inherited from our parents, but we share on average only half of them with our full biological siblings. The exception is monozygotic (identical) twins, who have identical genes. In the second column, we report estimates for twins only. Because our register data does not contain information about zygosity, we have to stick to a mixture of identical and fraternal twins. Our estimates are clearly higher for such brothers, around 0.65 for all cohort groups. This number might be both an under-and an overestimate of the "true" impact of family and community background. Two arguments speak in favour of an underestimate. First, based on information from the Swedish Twins Registry, the sample likely contains roughly 40 percent fraternal twins (see Lichtenstein et al., 2006, Table 2 , p 876). Second, even twins might be exposed to different "shocks" or differential treatment that are part of their family and community background but are not shared with their twin sibling. The argument in favour of an overestimate is that twins might interact very closely and in a way that has no counterpart among non-twin siblings and thus in the majority of the population. 2 Our results above regarding the low importance of spacing suggest, however, that this argument might be weak. Note: Estimates obtained using the lme function from package nlme in R (Pinheiro and Bates, 1999; Ihaka and Gentleman, 1996) . Standard errors are computed using the delta method from the estimated variance matrix of the variance components. Source: Authors calculations from Swedish register data.
Conclusions
We started out this inquiry by asking whether the association between IQ and family background is strong or weak. We first estimated the intergenerational correlation between fathers' and sons' IQ to 0.347. This estimate, very close to recent Norwegian results, strikes us as quite low. The implication of this estimate is that only 13 percent of the variation in sons' IQ can be statistically accounted for by fathers' IQ. Then we turned to the broader measure of the impact of parental and community background, namely the brother correlation. In addition to being broader, this measure can be interpreted as a lower bound on the fraction of total variation that can be attributed to factors that brothers share. Our estimates were very close to 0.5, suggesting that 50 percent is a lower bound of broad family background factors. For twin brothers -among whom likely 40 percent are fraternal twins -the estimate was as high as 0.65. This estimate may overestimate but might also underestimate the role of family background. These numbers strike us as being quite large. They suggest that over half of inequality in IQ can be attributed to factors that the individual has not chosen herself. Although, we cannot rule out that some of these factors represent interaction between siblings -and thus is a kind of peer effect that the individual has some control over -the individual has not chosen her siblings herself. From an equality-of-opportunity perspective, we therefore consider these numbers as quite high. What is it then that brothers share and is important for their IQ but is uncorrelated with their father's IQ? An obvious candidate is the mother's IQ. Although spouses' IQs are most likely positively correlated and thus partly capture the same background factors, the combination of father's and mother's IQ (and that of other family members) is likely to raise the explanatory power in an intergenerational equation. 3 Indeed, in a summary of previous estimates based on small and nonrepresentative samples, Bowles and Gintis (2002) report the highest correlation from a study that applies the average of the two parents' IQ. We doubt though that simply adding mother's IQ would bring the explanatory power close to what the sibling similarity suggests. For example, attempts to account for the sibling similarity in long-run earnings by means of the education of both parents do not appear to capture much of the sibling similarity (Björklund et al., 2008) . We hypothesize that very detailed information about parental aspirations, attitudes and parenting practices is needed to account for the large gap between what sibling studies and intergenerational studies suggest about the role of family background factors.
Finally, we note that even though we have benefited from having access to a large and representative data set, and that the IQ test is taken from a situation in the "real life", our data set has some limitations. We have noted the unfortunate gender bias that follows from using military enlistment data, namely that neither the role of mothers nor the outcomes for daughters can be taken into account. We have also cautioned that the attitude to military service might affect how young men perform on these enlistment tests. Such attitudes are most likely to "run in the family", so they might bias the family associations upwards. However, both the father-son and the brother correlation are likely to suffer from such an upward bias so we find it unlikely that our most important finding -the strikingly larger role for family background factors suggested by sibling similarity compared to the father-son association -can be explained by such bias. 
